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Abstract
Present work elaborates on systems and engineering procedures to create particleboards based on Common Reed. Particleboard 
was manufactured using the shredding blades, usually applied by wood-particleboard industry. Diverse types of boards were 
manufactured keeping the same proportion of urea formaldehyde resin (for indoor use), but with different particle proportions 
according to ISO standard sieves, and varying the pressure from 3 N/mm2 to 25 N/mm2. Mechanical Density, bending resistance 
and elasticity tests were performed and results were compared against commercial wood particleboards. Results allowed us to 
state that particle size and pressure plays a significant role in common reed particleboard properties. Common reed particleboards 
were classified according to UNE EN standards, taking into account relevant standard tests carried out as well as additional 
classification standard-rules.
Keywords: system engineering procedures, particleboards, wood remainder, shredder, shredding machine, particle board, wood waste, giant 
reed, Arundo Donax L, common reed, presure in chipboard,
1. Introduction
Chipboard manufacture, based on Arundo Donax L, could be considered an environmental contribution, since it 
provides a solution to a problem formerly solved by the burning of the river side, and floods.
We have developed a common reed particleboard product reaching resistances and behaviours through applying 
this raw material as an additional element in wood chipboard manufacturing process or even as new base material. 
Arundo donax L., is a fast growing and intensive proliferating perennial plant; it is also seen in many countries as a 
weed or invasive plant [1, 2, 3].This plant was traditionally used as raw material for building, becoming a key 
element in building systems for Segura river surroundings (Vega Baja and Media) and other areas of Murcia, 
Alicante, and Valencia; and even today it could still be found in rural areas. 
New materials and modern techniques replaced this element from building industry in developed countries. This 
situation has created as a side effect, the plant proliferation, and invasion of riverbeds and crop areas. This plant 
causes   a serious environmental impact due to their high multiplication capacity in some areas.   
The aim of this paper is to study the influence of pressure on common reed base chipboard manufacturing 
process, and on its final properties and quality, through the manufacture of the  particleboards with two ranges of 
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manufacturing pressures, and with a prior control of its particles component, and to evaluate board mechanical 
properties according to UNE standards [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14]
In wood particleboard industry, it has been established a pressure ranging from 3 to 3.5 N/mm2 for  standard 
manufacturing process, reaching with these values, good mechanical properties with the lowest energy costs [15,
16]. At the same time, other studies analyzed board properties for different values of applied pressure during 
manufacturing process using woody and non-woody elements [17, 18]. Additionally it is also published that particle 
size and shapes have also an impact on board properties. We do study in this paper the properties of common cane 
particleboards manufactured with different particle size and shapes, and also applying the standard industry pressure 
(3N/mm2) and with 25N/mm2 pressure.
Recent studies suggest that urea formaldehyde resin could be eventually replaced by other more environmental 
efficient such as polythylenes, polyurethanes, polyethylene-vinyl acetates, polypropylene copolymers, epoxy resins, 
sodium lignosulfonate, among others including synthetic resins [19, 20, 21, 22, 23, 24, 25, 26]. In this study we use 
urea formaldehyde as it accounts nowadays for over 90% of particleboard industry.  This study does not contain an 
extensive resin analysis but, investigate the common cane particleboard as a replacement of wood particles, being 
able to benchmark on a seamless structure, the behaviour of possible new element.
2. Materials and Methods
2.1. Materials
Common Reed
Common reed bars of between 3.5 m and 4.5 m height were acquired, with an average size of about 2 cm in 
diameter, discarding those parts (ends) with diameter lower than 0.5 cm. The cane is also acquired dry and leafless, 
through a process performed by the provider (“Cañas de Albatera” - Alicante).
Collected bar-bundles are piled for natural sun-air drying process. It is collected after one year and takes about a 
year to be collected and then it takes about six months for drying. This will get rods with relative humidity around 
15%. Fig. 1 illustrates how diameters decrease as we approach the top of the cane, providing the different cross 
section profiles.
Resin 
For the chipboard manufacturing process, it was used phenol formaldehyde resin, as the optimal selection for 
outdoor boards, and the urea formaldehyde for indoor. This approach was consistent with normal uses in wood 
particleboard manufacture. 
It was tested boards with different proportions of synthetic resin, obtaining several references for trial boards 
materials. The resin used had the characteristics shown in Table 1.
Water
Water was not considered an element which providing advantages, moreover once stabilized the optimal 
reference humidity for common cane, the more additional water added into the manufacturing/assembling the worse 
resin behaviour. In our manufacturing process, small amounts of water were used, to make easier the mixture of urea 
formaldehyde resin with cane-particles.
Ammonium sulphate
The urea formaldehyde resins are associated with a catalyst, a reagent that facilitates and accelerates the 
hardening of the resin even though they are thermosetting resins. This element will contribute to the resin hardening, 
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becoming therefore a key factor in the manufacturing process, setting the assembling and production timing. The 
greater the number of boards manufactured in a continuous process of hot dishes presses, the more efficient 
production process. These catalysts are purchased form standard commercial provider. Between 0.05 and 1% on 
particle dry weight of ammonium sulphate, was used. This amount was selected due to the double effect provided: 
(i) the response time reduction, (ii) the inhibition of formaldehyde emissions.
Fig. 1. Cane Natural Sun-Air Drying Process
Property Description
Type of resin Urea formaldehyde
LiquidResin Form
Colour White
Viscosity at 28ºC 300-400
Density 1.265-1.270
Reaction Time 3-4 hours
Ph 7.5-8.2
Solid elements 62-65%
Store Life 90 days
Table 1. Resin Characteristics
2.2. Methods
Statistical analysis was performed using SPSS 15.0 for windows operating system. This analysis included: 
sample size estimation, nonparametric tests, ANOVA, chi-square test, Pearson correlation coefficient and graphical 
correlation analysis.
This study was performed with the following general methodology [27]:
I.
II.
Fibre development and classification sifted according to ISO standard sieves. This phase includes the 
previously controlled procedure with initial fibre selection, and drying process.
III.
Test-boards manufacture and cut, including the weights and thicknesses settlement.
Final tests according to UNE standards, providing the test-boards characteristics: density, elasticity and 
flexural tensile strength.
The step by step full manufacturing process, developed in this article is presented in Fig. 2, showing all steps 
from the raw material to the final test performed.
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Fig. 2. Full manufacturing process flow chart
Fibres Classification
An initial phase prior to particleboard development, were performed to pre-process the raw material. This phase 
included:
a.
b.
Strip the leaves off, and cut
c.
Common reed shred, using the shredder blades machine with horizontal shaft and blades gap between 
1.7 and 2.07 mm 
2.3.
Particles sieving for classifying attending to the following breakdown:
2.4.
Less than 0.25 mm. (Disposable)
2.5.
Between 0.25 and 1 mm.
2.6.
Between 0.25 and 2 mm.
2.7.
Between 1 and 2 mm.
2.8.
Between 2 and 4 mm.
2.9.
Between 4 and 8 mm
2.10.
Between 8 and 10 mm.
d.
Bulk, as out of the shredder, without any screening.
Drying of particles to obtain a material with 3 to 5% humidity.
To classify the screens once established, we proceed to sort according to the slenderness parameter that is defined 
as the ratio between length and thickness. In accordance with literature [15, 16], optimal values belong to the range 
90-125. Results are shown in Table 2.
Manufacturing process
The process to manufacture cane particleboards was the standard process to develop wood particleboards panels, 
adapted to common reed specificities. The process followed was:
a.
b.
Manual selection of different proportions and sizes of common reed and wood particles to match the 
prototype board.
c.
Mixing of particles using a hand mixer.
d.
Forming the test-boards, including a protective anti-mould pre-treatment with high temperature 
polyethylene film to facilitate mould release.
Pressing with different charges pressed release (and / or pressures) 750kN (25 N/mm2) and 100kN (3 
N/mm2).
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For the different types of boards’ dosage the following criteria were followed (with the only exception of rough 
board where the used dosage came directly from shredder).
x 8 mm sieve, was not considered in the mix. The particles retained were shredded again.
x 4 mm sieve, was considered although the slenderness reached the optimal limit (90).
x 2mm sieve was considered as part of the definition range.
x 1mm and 0.5 sieves provided the optimal values for the board.
x 0.125mm sieve was considered as thin fibres.
x The rest of fibers (too thin) were eventually removed and not used for the manufacture of boards.  
Six different cane based particle-board families were manufactured. All of them were produced with the proper 
size adequate for good statistical and visual reference: (i) 8mm sieve boards (rough board outside the limits of 
slenderness) manufactured with 750kN (i.1) and 100kN (i.2) loading press, corresponding respectively to 25N/mm2
and 3N/mm2. (ii) 4mm sieve boards (slenderness limit) manufactured with 750kN (ii.1) and 100kN loading press 
(ii.2). (iii) Boards without 4mm sieve (slimness ideal) manufactured with 750kN (iii.1) and 100kN loading press 
(iii.2). Wood particle board were used as gold-standard and reference; control sample made reference to 100kN.
During particleboard manufacture it was used: a pneumatic press, 30x10 moulds, a curing oven, a resin mixer, a 
high precision balance, a micrometer, and a bending test machine.
Particleboard Testing
The resulting particleboards were cut to be tested according to the following standards:
x EN 324-1 boards dimensions. [4
x EN 323 boards density [5]
]
In addition to the tests the following rules have been considered:
x EN 310 flexural test [6]
x EN 310 determination of flexural modulus  [6]
x EN 312-4 structural particle boards for use in dry environments [7].
All produced boards have been subjected to bending tests according to the procedure provided by UNE EN 310, 
1994 [6]. Experiment dimensioning, namely support-roller diameter and distance, were calculated according to 
board thickness. It was defined L1=20t mm, and L2=L1+50 mm, and t=thickness mm. All variables are expressed in 
mm.
Sieve
UNE
(mm)
Weigh
(g)
Recipient 
Weigh
(g)
Sample 
weight 
(g)
(%) Slenderness
8 483,7 483,6 0 0 47,36
4 543,3 532,6 10,8 21,82 80,62
2 530 522,2 7,8 15,76 99,78
1 504,2 492 12,2 24,65 90,14
0,5 466,9 454,7 12,2 24,65 110,86
0,25 421,9 417 4,9 9,90 119,74
0,125 425,3 424 1,3 2,63 thin
rest 377,9 377,6 0,3 0,61 thin
Final weigh 49,5 100
Table 2: Screening results for initial 50g.
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The test board was defined according to thickness with a fixed width of 50 mm. Boards were cut to meet the 
standard dimension. Maximum load of breaking was identified as the load peak value before fracture, and so 
Modulus of Rupture will inevitably be linked to the value of the maximum load at fracture.
Regarding the bending test, it was calculated the resistant modulus to obtain the board tension resistance, and 
even the maximum load supported where F load is applied.
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F1 1a[N] is the 10% of the maximum load, causing mm deformation, while F2
2a
match to the 40% of maximum 
load, and the corresponding deformation in mm. The bending strength, based on the same standard definition, 
was not evaluated, due to the fact that it corresponds effectively to the maximum load. Density was also evaluated, 
based on UNE EN 323 [5], using a 0.01 mm precision micrometer, 0.1 mm accuracy calibre and a 0,01 g accuracy 
balance. The test-boards were cut in 50x50 mm squares and kept in laboratory conditions at a 65 ± 5% humidity and 
20 ± 2 º C. To calculate density multiple test-boards were extracted from one single manufactured board and final 
board density was calculated as the average of densities obtained for all test-boards.
3. Results
Properties obtained against standard wood chipboard for the different test-boards in terms of MoR, MoE and 
Bending Test are showed on Table 3
The use of higher pressures, does substantially improve common reed particleboards properties (Table 3). The 
slenderness (as it is defined related to particle size) does have positive impact on the resistance as the size is being 
reduced. Better results are obtained with sizes up to 4mm sieve, and also equivalent results are obtained including 
only smaller the sizes, without 4 mm sieve. Boards with 4 mm sieve, and without 4 mm sieve, have similar 
properties. A slightly better performance was obtained without the 4 mm sieve, in terms of resistance (MoR). The 
other way around the bigger size of the particles provided better performance from a bending perspective. The 
commercial wood chipboard presented similar characteristics to high pressure 4 mm sieve cane particleboard, in 
terms of MoE, MoR and bending Test.
The board behaviour was analyzed against humidity attending to UNE EN 312:2003 Standard [28], which 
classifies boards into seven subcategories (P1 to P7). Boards developed exclusively with 2mm sieve (slenderness 
90-125), presenting a load test resistance of 15.53N/mm2, could be classified as P1, P2, and P3, being aware that 
each of these subcategories are suitable for:  P1 boards for general use in dry air, P2 boards for indoor applications 
(including furniture) with dry air, and P3 non-structural panels to be used in humid conditions (although the water 
immersion test and the thickness increase in this test was not performed). Results obtained in terms of elasticity 
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modulus almost reached the requirements of the standard, even though remaining slightly below the standard 
definition itself. In any case, the pressure increase, over the pressure values used for wood particleboard, during the
manufacturing process, would eventually overcome the small existing differences. As a consequence, common reed 
particleboard could be considered as an alternative option to wood particleboards, or at least as an add-on for certain 
uses. There is no doubt, that the use of this material, it is an environmental improvement through the recycling of 
non-timber plant leaving an alternative to actual deforestation, and through the use of this element, considered as 
weed, that would end in a burning process if no any other option was found. 
The highest tensile strength / breaking load was obtained by the high pressure boards without 4mm sieve, 
however the deformation of the panels with 4 mm sieve was slightly lower. In both cases, the results were below the 
commercial wooden chipboard panels. Regarding the elasticity modulus, the 2 mm sieve board was closest to the 
wood particle board. The rough particle board sieve does not provide adequate results in terms of resistance. The 
heterogeneity (voids between particles) involves excessive variability, and the decrease of resistance is not 
comparable with other boards. In any case, all points are clustered graphs, which indicate a homogeneous statistical 
behaviour with an appropriate regression. Even in the worst case scenario, regression reached the 0.9.
The board behaviour was analyzed against humidity attending to UNE EN 312:2003 Standard [28], which classifies 
boards into seven subcategories (P1 to P7). Boards developed exclusively with 2mm sieve (slenderness 90-125), 
presenting a load test resistance of 15.53N/mm2, could be classified as P1, P2, and P3, being aware that each of 
these subcategories are suitable for:  P1 boards for general use in dry air, P2 boards for indoor applications 
(including furniture) with dry air, and P3 non-structural panels to be used in humid conditions (although the water 
immersion test and the thickness increase in this test was not performed). Results obtained in terms of elasticity 
modulus almost reached the requirements of the standard, even though remaining slightly below the standard 
definition itself. In any case, the pressure increase, over the pressure values used for wood particleboard, during the 
manufacturing process, would eventually overcome the small existing differences. As a consequence, common reed 
particleboard could be considered as an alternative option to wood particleboards, or at least as an add-on for certain 
uses. There is no doubt, that the use of this material, it is an environmental improvement through the recycling of 
non-timber plant leaving an alternative to actual deforestation, and through the use of this element, considered as 
weed, that would end in a burning process if no any other option was found. 
The highest tensile strength / breaking load was obtained by the high pressure boards without 4mm sieve, 
however the deformation of the panels with 4 mm sieve was slightly lower. In both cases, the results were below the 
commercial wooden chipboard panels. Regarding the elasticity modulus, the 2 mm sieve board was closest to the 
wood particle board. 
The rough particle board sieve does not provide adequate results in terms of resistance. The heterogeneity (voids 
between particles) involves excessive variability, and the decrease of resistance is not comparable with other boards.
Fig. 3 (b) represents the unitary stresses values for each load-deformation reference figure obtained. 2 mm and 4 
mm sieve boards presented similar characteristics. Both maintained a higher-sloping curve. Particularly good 
performance retains the high pressure 2 mm sieve particle board reaching a value greater than 0.2 kN at a single 
point. In any case, all points are clustered graphs, which indicate a homogeneous statistical behaviour with an 
appropriate regression. Even in the worst case scenario, regression reached the 0.9.
25 N/mm2 Loading Press 3 N/mm2 Loading Press
TEST BORD TYPE MoR (N/mm2)
Bending Test 
(mm) MoE (N/mm
2) MoR (N/mm2)
Bending Test 
(mm) MoE (N/mm
2)
Rough board 8,73 ± 0,19 6,07 ± 0,09 1.078 ± 223,14 7,59 ± 1,79 6,89 ± 0,95 1.020,5 ± 300,11
With 4 mm Sieve 15,8 ± 2,36 5,54 ± 1,04 1.390,33 ± 158,64 8,46 ± 0,44 6,2 ± 0,78 1.117,33 ± 106,11
Without 4 mm Sieve 15,7 ± 2,49 5,74 ± 0,46 1.794 ± 360,08 10,38 ± 1,51 6,52 ± 0,61 1.395,43 ± 329,00
Wood Chipboard 16 ± 0,98 5,88 ± 0,01 2.147,5 ± 248,19
Table 3: Properties analysis with different sieves and pressures
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Fig. 3. (a) Density Analysis Results (b) MoE Results (c) MoR Results
One mayor finding was the fact that pressure had a significant contribution to particleboard performance, 
improving the behaviour with a higher pressure during manufacturing process. 
Fig. 3 (a) presents the density analysis, where it could be found that as the pressure increases the density was 
higher. It was also found that the mayor density corresponded to the lowest particle size. Figure presents average 
values obtained in the analysis.
The wooden particleboards (3-4N/mm2), provided a higher density than any common reed particleboard 
(696kg/m3) at the same pressure. However, the cane board manufactured with higher pressure (25N/mm2) reached 
higher densities (754 and  762 kg/m3
Fig. 3
for board with 4 mm sieve and without 4 mm sieve respectively)  that wooden 
ones, but not for the case of rough board which still had a lower density than wooden boards. (b) and (c) 
compare the results of elasticity modulus, as well as the Modulus of Rupture for the different particle boards.
It is remarkable that the highest values were always achieved for both with 25 N/mm2 
4. Conclusions
and with the smallest sieve 
(2 mm).
The main conclusions are that pressure does influence the quality of common cane particleboards, and the 
manufacture of cane particleboards can be made using the standard industry production processes designed for wood 
particleboard, although the inclement in pressure may be suitable for certain applications.
Board with small particle sizes (4 mm sieve boards and boards without 4 mm sieve), presented similar 
behaviour in terms of MoE, MoE and Bending test that standard wooden chipboards if a higher pressure is applied 
(25N/mm2). The incorporation of 8mm particles into the board does not improve the properties, but reduce MoE, 
and MoR. In contrary this component would provide better bending test results. 
High pressure cane based particleboards should be classified as material for general use in dry environment 
according to UNE EN 310 [6] standard. The high pressure boards (25N/mm2) developed with and without 4 mm 
sieve provides the meet the needed properties to be considered for structural particle boards for use in dry 
environments according to the UNE EN 312-4 [7].
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